Effective functioning of the energy sector is very important for the economy of every modern state. Thus, energy security is an inseparable part of the total economic security of the state. Energy security indicators were constructed for the investigation of the Lithuanian energy security level. The purpose of the paper is to construct a dynamic model for energy security level assessment. Dynamic model of indicators will enable us to forecast the Lithuanian energy security level according to different factors, such as building of liquefied natural gas (LNG) terminal, power interconnections between Lithuania and Poland (LitPolLink), etc. Since technical parameters of new objects are not exactly known, these uncertainties should be reflected in the initial conditions of a differential equations system. Thus, in such conditions, the values of indicators are random variables. The paper presents a model of dynamic indicators and pilot calculations.
Introduction
There are different interpretations of energy security conception. For instance, Yergin summarized energy security conception in the following way: "in the developed world the usual definition of energy security is simply the availability of sufficient supplies at affordable prices, different countries interpret what the concept means for them differently" [1] .
To find rational solutions for energy supply security means to assess the costs and probability of supply disruptions, to compare the present energy supply security level with the forecasts, and to decide how to improve it. Different approaches are used for assessing security of energy supply: geopolitical assessment of scenarios, economical modelling, expert risk assessment, analysis of primary energy sources, and development of security indicators system [2] . A security indicator is a special index which provides numerical values to important issues for the security of energy sector. The values of security indicators may be obtained from statistical data. These values of indicators are usually obtained in the particular time moments, however, indicators change continuously. So, it is advisable to construct a dynamic model of indicators, which includes interdependencies between these indicators. The dynamic models of two types were shortly investigated in [3] .
Dynamic model of indicators will enable us to forecast the Lithuanian energy security level according to different factors, such as building of liquefied natural gas (LNG) terminal, power interconnections between Lithuania and Poland (LitPolLink), etc. But in this case we should correct the initial conditions of differential equations system. Since technical parameters of new objects are not exactly known, these uncertainties should be reflected in the initial conditions. Thus, in such conditions, the values of indicators are random variables. Their estimates are obtained in this paper using a modified application of Bayesian approach.
Dynamic indicator model
Let us construct a homogeneous differential equations system, according to the interdependencies between indicators algebraic, statistical, etc. In [5] we proposed to use correlations of indicators for calculation of these coefficients. In subsection 2.1 of this paper we describe algebraic method of coefficients calculation. Let us use the following definitions
then (1) differential equations system we can write in the matrix form
Solution of differential equations system (2) may be found according to the formula (3)
here B , , T -vector of constants, -eigenvalues of matrix .
Coefficients for differential equations system of indicators
Let us give the variation for each indicator ∆ ∆ /∆ , 1,2,3 and construct system of algebraic equations 
We define vectors Δ Δ , Δ , Δ and , , , , 1,2,3. In this case the system of algebraic equations can be written in matrix form ∆I AI, We get unknown coefficients of differential equations system from formula (6) A ∆I I .
Stochastic initial conditions of differential equations system
Aiming to find a particular solution for differential equations system (2), i.e. particular expression of each indicator as on time dependent function, we need to formulate initial conditions for differential equations system. Constants , 1,2,3 of general solution may be found by solving system of differential equations (2) in time moment
here , 1, 2, 3 -normalized factual value of indicator in year .
Dynamic indicators model will enable us to forecast the Lithuanian energy security level according to different factors, such as building liquefied natural gas terminal, electricity connections with Sweden and Poland, etc. In this case we should correct the initial conditions (8) of differential equations system. Since technical parameters of new objects are not exactly known, these uncertainties should be reflected in the initial conditions. Thus, in such conditions, the values of indicators are random variables.
here , 1, 2, 3 -a random variable. Since time of building of new objects is not exactly known, also may be a random variable.
Appropriate probability distributions of random variables (at time t) are obtained performing Kolmogorov-Smirnov, Anderson-Darling or χ 2 goodnessof-fit test. Note is probability density function (pdf) of random variables . In general case is stochastic process with mean
and are known constants, , 1,2,3 are independent random variables with pdfs , 1,2,3, or multidimensional pdf
Methodology for the calculation of estimates has been based on the obtained values of indicators but not on values of (that can be measured). Information on the dependency of indicators from each other (defined by equalities (3) or (10)) and pdfs of random variables have been taken into account as well. In mathematical statistics theory, the well known Bayesian approach (BA) allows a combination of two kinds of information: prior (for instance, generic statistic data of similar devices exploitation, subjective option of experts) and measurements or observations [3] . In case of unknown probability density functions of random variables non-informative, for instance, a uniform distribution or Jeffreys distribution [7] can be used as prior. In this research work non-stationary processes (NP) are analysed, i.e. the values of indicators depends on time t. Classical application of BM is not correct in this case, because observations obtained in different time moments represent the other state of the indicators. The modified application of BA for the calculation estimates of parameters of non-stationary process mathematical models is presented in research paper [8] .
Calculating example
For the investigation of Lithuanian energy security level it is important to construct the model which includes interdependencies between indicators. This model will enable us to forecast the Lithuanian energy security level according to different factors, such as building of LNG terminal, Visaginas nuclear power plant (NPP), LitPolLink, etc. Thus, it is advisable to construct a dynamical indicators model for energy security level assessment.
As an example, three indicators are used for the analysis. The first one is technical indicator , which integrates technical parameters of energy system (electricity, gas, oil and heat). The main component of this indicator is installed power capacity of generators to maximal power demand in all mentioned sectors. Also this indicator joins energy system objects' lifetime, storage possibilities of resources, etc. The second indicator is an economic indicator , which integrates economic aspects of energy system functioning. This indicator is mostly related with market and prices in appropriate energy sectors, energy resources import, possibilities to choose suppliers, etc. And the last indicator is socio-political , which integrates geopolitical and socio-political aspects. It joins such things as political risk of resource supplier country and resource transit country, average expense for energy, degrees of undertaking the EU commitment, etc. The values of these indicators from 2001 till 2010 are used for the calculations. Normalized factual values of indicators, variations of indicators are written in matrixes ∆I and , whereas matrix A is calculated according to formula (7) .
Using formula (1) Let's assume that at time moment t probability distributions of indicators are normal with means that satisfy equality (10).
and are known constants, -standard deviations, ( 1,2,3) are independent random variables. can be determined using sum of constants and indicators products (form system of equations (14)). In case of normal distributions of indicators, probability distributions of random variables 
Values of indicators are used to update pdf of random variables (  1,2,3) , by modified application of BA
here likelihood function
Updated point estimates of random variables , 1,2,3, are
Calculated point estimates and standard deviations of random variables ( 1,2,3), are presented in table 2. In figs 1-3 are given functions of technical, economic and socio-political indicators in scenarios 1 4. Graph of socio-political indicator I 3 (t).
Analyzing change of indicator security points, several things may be observed. Firstly, security level of technical indicator diminishes. This is related with the fact that Ignalina NPP units were shut down and at the same time generation capacities had changed. Besides, after shutdown of Ignalina NPP, larger amount of gas had to be used for electricity production. Speaking about economic indicator, the appearance of free electricity market and import of cheaper electricity had influence on its increase. Implementation of corresponding EU directives and improvement of geopolitical risk of respective state energy suppliers and transitional countries had a positive influence on the dynamics of sociopolitical indicator.
In order to identify the energy security state of the system, a 15-point system assessment scale is used. The scale is divided into three main parts: normal state (11-15 points), pre-critical state (6-10 points) and critical state (1-5 points).These three parts are further subdivided into five equal parts accordingly. The value of each indicator is evaluated by points from 1 to 15 during the research year. The state of energy supply security is evaluated taking into account the weights of indicators (we used equal weights of indicators) and the evaluation of indicators according to the following formula 
Conclusions
1. The created method of energy supply security assessment is appropriate and valid. The difference between the described method and the best estimate method is small. The created method enables us to evaluate data uncertainty. 2. The proposed method allows us to estimate the uncertainties of characteristics of energy development projects as most of this data (finish of the object construction, cost of the object, etc.) is random variables. 3. The created methodology enables us to compare integral characteristics of energy supply security for different scenarios. 4. According to this methodology, the energy security level is the highest (9.67 points in a 15-point system) after building LNG terminal and electricity interconnection between Lithuania and Poland in 2015. However, the aggregation of all positive and negative consequences leads to the conclusion that energy security level did not significantly change in all scenarios. In all cases the energy security level is seen as pre-critical. 
